elsewhere. The source laser had large wavelength jitters (which can be as much as a few nanometres in the worst case), and this would give much of the penalty in conjunction with the wavelength dependence. Indeed, the expected excessive noise as result of this can be seen in the eye diagram. An improved future result will come from gratings with better controlled dispersion characteristics. A broadband tuning (several nanometres) is possible if thirdorder dispersion compensation can be written in the same grating. Nevertheless, we have demonstrated, for the first time, transmission over 27 times the dispersion limit using chirped fibre gratings. . The optical PPM-CDMA exploits both the power efficiency and the large bandwidth provided by an optical channel and it provides the multirate services by varying the level of PPM for the fixed chip rate at the transmitter and sampling time at the receiver. In this Letter, the bit error rate is analysed for the asynchronous multirate optical wireless PPM-CDMA. 
Here, z is the pulse duration and P,(t) is a rectangular pulse with duration z. In an optical CDMA system, an optical orthogonal code (OOC) is used as a signature sequence which is the sequence of Os and 1 s. We suppose that each user has a distinct (F, K. Lo, Lc) OOC which is characterised by length F, weight K, autocorrelation constraint Lo, and cross correlation constraint k, [4] . We suppose also that each pulse of the PPM signal is divided into F chips with duration T,, then z = FT,. Let the signature sequence of the kth user be denoted by ..., e,,,,), ck,, t (0, 1}, j = 0, 1, ..., F -1. Then, the signature sequence waveform for the Mh user is represented as c,'(t) = CJ=-C,,jPT, (t -jc).
Here, e,,,, = e/,, for any integer j and Pr, ( t ) is the rectangular pulse with duration I-,. Finally, the optical transmitted signal of the kth user is represented as u,'(t) (FMP/IQc,(t)dL(t) for the average power of a transmitted optical signal P.
To provide the multirate services in optical wireless PPM-CDMA systems with fixed pulse duration, the chiprate and sampling time do not change for each transmission rate. In Fig. 1 , the multirate PPM signalling is shown with fixed pulse duration. The pulse duration is fixed for each PPM level and one chip period is multiplied to one pulse duration. The bit rate of the M-PPM-CDMA is represented as Rb,M = log,MIMFTc. The total received signal from N users is given by
where * denotes convolution, AI< is a relative delay for the signal from the kth user to the desired user, hl,(t) is the channel impulse response given in [l] and z(t) is an additive white gaussian noise with power spectral density No. Here, the delay is represented as Ak = (pk + pic)T,,: Bl< is the discrete random variable which takes the one value out of {0, 1 , ... , FMm,,, -1) and pb is the random variable uniformly distributed over [0, 11. where Qc is the 1 x F zero row vector. Using the signature sequence matrix, the self-interrerence vector is given by where si-'), Sp' are the two symbol vector groups of the kth user and C,, is the signature sequence matrix column-wise shifted by I ml times on the right side for positive m and on the left side for negative m. For example, to get C,,,, each column of C , , is shifted once to the right side and a zero column vector is inserted in the first column. The multiuser interference vector of the kth user is given by Conclusions: In this Letter, the BER of multirate optical wireless PPM-CDMA is analysed. As the level of PPM signalling increases, the data rate gets slower and the power efficiency improves. There is a trade off between the data rate and the power efficiency as the level of PPM varys providing users with a choice. It is shown that wavelength translation mitigates the blocking of cells substantidly in cross-connected networks. By increasing the number of wavelengths and employing wavelength translation, the probability of deflection can be reduced, which in turn leads to a significant improvement in the teletraffc perrormance of the network.
Introduction; One of the major problems in multi-wavelength, two connected mesh networks is the blocking of cells at the nodes.
Blocking occurs when two competing cells at the input of the node desire the Same output. Store and forward, deflection routing and wavelength translation are some techniques which can be used to resolve the conflicts. The teletraffic performance of circuitswitched all-optical and electronic (regenerative) wavelength translation has recently been reported [l, 21. However, the bcnefits of using wavelength translation in cell-switched cross-connected networks with deflection routing have not been reported yet. This Letter compares Manhattan Street (MS) and ShuffleNet (SN) networks under wavelength translation in terms of average propagation delay and throughput. We present the lirnit of operation based on a uniform traffic scenario. It is shown that wavelength translation significantly solves the blocking of cells. Results indicate that the probability of deflection can be reduced substantially by increasing the number of wavelengths and employing wavelength translation which, in turn, significantly improves the teletraffic performance of the network. operations is ahsovption, trunshtion of flow-through cells, electronic tvuiislationlinj~Ction of new generated cells, and routing [3] . The absorption operation removes cells destined for the node. It is assumed that there is one receiver per input wavelength, so that all cells destined for the node can be removed. The wavelength translation operation has the task of rearranging the cells on the various wavelengths so as to eliminate as inany wavelength conflicts as possible at its output. Wavelength translation priority is given to cells in transit in order to minimise deflections of flow-through cells. Then, electronic wavelength translation and injection of newly generated cells occurs. Finally, the routing operation is performed by 2x2 switches, one per wavelength, that routes cells out with a simple hot-potato, random contention-resolution algorithm.
Basically, slots can be empty (E), or they can carry a cell for the node (FN), or a cell that cares to exit at output 1 (Cl) or at output 2 (C2), or they can carry a don't care (DC) cell. A conflict occurs in a submodule when there are two care cells with the same output preference, for example (Cl, C1) or (C2, C2). A conflict selected at random from the pool of conflicts is resolved by taking one of the cells and translating it to a suitable non-conflictive empty or non-empty slot of a neighbouring submodule randomly selected. Therefore, there are many possibilities to resolve a conflict [3], but the most important is that which resolves conflict of kind (C1,CI) in one submodule by using another conflict of kind (C2, C2) in another submodule, possibly as a result of the translation (Cl, C2) and (Cl, C2). In the case of a local conflict, where there are no available alternative slots, one of the cells in conflict is randomly chosen for deflection. The decision for transmission is taken after the absorption operation; then, a new cell per submodule will be injected into the network if there is at least one empty slot and a cell ready for transmission. If there is a conflict between the newly generated cell and the cell in transit, the new cell migrates randomly to a submodule where there is an available non-conflictive empty slot, and is then transmitted by the corresponding submodule. If the new cell cannot find an empty non-conflictive slot, then it is transmitted even though a deflection will occur. Something could be gained by using a hold-up technique [ Fig. 2 shows propagation delay H in number of hops against number of wavelengths n for ShuffleNet (SN) and Manhattan Street (MS) networks with 64 nodes. We can observe that the propagation delay for hot-potato, single-buffer [7] , and ideal store-and-forward (S&F) [3] remain constant because
